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Introduction
Pathological hoarding is characterized by difficulty discarding and excessive acquisition of seemingly useless items leading to clutter and impairment 1, 2 . Hoarding disorder affects approximately 2-5% of adults 3 and 2% of adolescents 4 . Although pathological hoarding is traditionally considered an adult disorder, most adults that hoard (70%) report that their symptoms began before the age of 20, with a median age of onset of 11-15 years [5] [6] [7] .
One unanswered question about hoarding is whether it is distinct from obsessivecompulsive disorder (OCD) in children. Pathological hoarding was a subtype of OCD in the Diagnostic and Statistical Manual of Mental Disorders 4 th edition -text revision (DSM-IV-TR) 8 . A new diagnostic category of hoarding disorder was created in the new edition of the DSM (DSM-5 9 ) because of findings that more than 80% of adults with pathological hoarding do not meet criteria for OCD 10 and that hoarding in adults is impairing and neurobiologically distinct from OCD 11 . Some children with OCD also hoard (approximately 19-30% [12] [13] [14] ) but the existence, prevalence and correlates of hoarding symptoms outside the context of pediatric OCD is unclear 12 . A communitybased study would be useful to characterize hoarding in youth, especially in the absence of OCD, because community-based samples are less likely than clinical samples to have biased rates of comorbidity and severe illness [15] [16] [17] .
A second unanswered question about pediatric hoarding is whether its pattern of clinical correlates is independent or unique from pediatric OCD. We know OCD 18 and possibly hoarding 10, 13, [19] [20] [21] [22] [23] [24] are frequently comorbid with attention-deficit/hyperactivity disorder (ADHD) in children.
However, we do not know how often hoarding appears, with or without ADHD, in the absence of OCD. We also do not know if hoarding differentially presents with inattentive or for hyperactiveimpulsive symptoms of ADHD 10, 13, 19, [23] [24] [25] [26] . Understanding the relationship between ADHD and hoarding could be particularly useful because of their possible behavioral and cognitive overlap 19, 22, 24, 27, 28 which, in turn, could inform new treatments and trajectories of affected individuals. Anxiety is also comorbid with hoarding 10 and OCD 29 but it is unclear whether hoarding presents with anxiety in the absence of OCD in children.
We investigated the prevalence and characteristics of hoarding and its comorbidity with obsessive-compulsive (OC) symptoms in youth from the community. Specifically, we asked if high hoarding symptoms presented in the absence of high OC symptoms in children and adolescents and if high hoarding and OC symptoms had common or different correlates, including ADHD symptoms.
A finding that high hoarding symptoms occurs independently of high OC symptoms and with unique correlates in youth in the community would support the distinct DSM-5 category of hoarding not only for adults but for youth as well.
Methods

Participants
The sample has been described elsewhere 30 . 17263 individuals aged 6-17 years were recruited to the Thoughts, Actions and Genes (TAG) project at the Ontario Science Centre in Toronto, Canada. Parents of children ages 6-15 or participants aged 13-17 provided consent, completed rating scales for OC, hoarding and ADHD traits, and responded to questions about history of medical/psychiatric conditions diagnosed in the community (referred to henceforth as community-diagnoses). These included OCD, ADHD, anxiety, autism spectrum disorder (ASD), allergies, asthma, tics/Tourette's, schizophrenia/bipolar, depression, concussion, learning difficulties, gastrointestinal problems, headache, trauma, and seizures. 16718 participants had complete demographic and questionnaire information (parent-report: n=13680, self-report: n=3038). 7862 participants (47% of the total sample) from 3931 families had a family member who also participated in the study; siblings were included in our analyses. Assessments were 30 min and participants were given a small (< $1 value) age-appropriate toy. The study was approved by the Hospital for Sick Children's Research Ethics Board.
Behavioral Measures
Toronto Obsessive-Compulsive scale (TOCS)
We measured OC and hoarding traits within the last 6 months using the TOCS, a 21-item questionnaire. Each item was scored on a 7-point Likert scale ranging from -3 ('far less often than others of the same age') to +3 ('far more often than others of the same age'). The TOCS has been shown to have high internal consistency (Cronbach's α=0.94) and to discriminate between an OCD on any TOCS item ('more often' or 'far more often' than others of the same age) was used to define a 'symptom' even though these symptoms were based on questionnaires and not clinical interviews.
Two items queried hoarding: 1) excessive acquisition ('Collects useless objects') and 2) difficulty discarding ('Have difficulty throwing things away). Participants were classified as 'hoarding-positive' if they scored ≥+2 on both hoarding items and as 'hoarding-negative' if they scored ≤-2 on both items. The remaining 19 TOCS items queried non-hoarding OC traits (OC-items).
Participants were considered to be 'OC-positive' if they scored ≥+2 on at least 3 OC-items (i.e., 3 OC symptoms) -a cut-off supported by previously published 32 Figure   1 ). We focused our analyses on the extremes of the hoarding and OC traits to dissociate the two traits as much as possible in order to identify their distinct correlates. To this end, so we excluded participants who did not fall into one of the high/low groups from further analyses.
CBCL
We used the CBCL anxiety scale (without somatic complaint items) 33 which consisted of 11 items that each ranged from 0 ('not true') to 2 ('very true or often true'). We calculated the total number of anxiety symptoms (symptom = a score of 2 on an item).
SWAN
We measured ADHD traits using the 18 item SWAN questionnaire. Each item ranged from -3 ('far below compared to people of similar age') to +3 ('far above compared to people of similar age') and these items mirrored the criteria for ADHD in the DSM-IV-TR 8 with 9 inattentive items and 9 hyperactive/impulsive items. The psychometric properties of the SWAN were described elsewhere 30 . For clarity of interpretation and discussion, SWAN scores were reversed in the analyses such that higher SWAN scores represented higher ADHD traits. We examined the number of inattentive and hyperactive/impulsive ADHD symptoms by counting all items with a score of ≥+2 for each dimension separately.
Statistical Analyses
Statistical analyses were conducted using SAS v9.3. We examined the co-occurrence of hoarding and OC using a chi-squared test. For analyses of gender, age, CBCL anxiety symptoms, community-diagnoses of various psychiatric disorders and ADHD symptoms (inattentive and hyperactive/impulsive separately), we used regression analysis to model outcome measures as a function of hoarding and OC. In the regression framework, a main effect of hoarding without any interaction indicated that Hoarding-only and Hoarding+OC groups differed from the OC-only and Control groups while a main effect of OC meant that the OC-only and Hoarding+OC groups differed from the Hoarding-only and Control groups. An interaction indicated that the difference in the hoarding groups varied as a function of the OC groups or vice versa. 
_________________________
We conducted separate mixed model regressions to test if age or sex varied as a function of the hoarding and OC groups while considering respondent as a covariate. Given the results of these analyses, we included age, sex and respondent as covariates in subsequent analyses. All models accounted for within-family correlation using a random effect term.
We examined the frequency of anxiety and ADHD symptoms across hoarding and OC groups using repeated measures logistic regressions for each outcome measure (anxiety, inattentive or hyperactive/impulsive symptoms respectively) with hoarding group, OC group, age, gender, and respondent in the model. When we calculated the mean number of anxiety and ADHD symptoms we first estimated the likelihood of having one symptom for either the CBCL-anxiety scale and each sub-scale of the SWAN. Then we multiplied the estimate by the number of items on the respective scale (anxiety = 11, ADHD= 9 items on each sub-scale). We used the number of anxiety symptoms as a covariate in the analysis of inattentive symptoms to assess whether anxiety was affecting the relationship between hoarding and inattention 34 . We also used logistic regressions to compare the hoarding and OC groups on the proportion with a community-diagnoses by comparing participants with each of reported diagnoses against participants without any reported diagnoses (n=13738).
We applied Bonferroni correction to α to account for the large number of analyses in the study (α: 0.05/16 analyses = 0.003).
Results
Hoarding and OC symptoms were common among children from our community sample:
8.9% (n=1483) were hoarding-positive and 6.1% (n=1013) was OC-positive. The overlap of hoarding-positive and OC-positive was substantial (n=661; 60%) but not complete, X 2 (1,n=3930)=936.6, p<0.001; Table 1 ). The hoarding-positive group was 10.5x more likely than the hoarding-negative group to be OC-positive (95%CI: 9.0-12.4). Self-respondents were more likely than parent-respondents to classify themselves as hoarding-and OC-negative (i.e., Control group) and the proportion of Hoarding+OC increased with age in the self-respondent groups (see Supplementary Figure 1 ).
________________________
Insert Table 1 Hoarding+OC groups were older than the Hoarding-only and Control groups. There was a significant interaction between hoarding and respondent (F(1,3915)=22.37, p<0.001). When parents responded, the hoarding-positive groups were 0.4 years younger than the hoarding-negative groups (p<0.001; SE±0.09) whereas when participants responded, the hoarding-positive groups were 0.5 years older than the hoarding-negative groups (p=0.004; SE±0.19). Only the relationship for parent-respondents survived Bonferroni correction.
As shown in As shown in Table 2 , the four groups differed on the estimated frequency of communitydiagnoses. The hoarding-positive groups (Hoarding+OC and Hoarding-only) were more likely than the hoarding-negative groups (OC-only and Control) to have a community-diagnosis of ASD, anxiety, ADHD, tics/Tourette's, or any diagnosis (main effect of hoarding: p's all <0.01). The effect for tics/Tourette's was no longer significant after applying the Bonferroni correction. OC-positive groups (Hoarding+OC and OC-only) also were more likely than the OC-negative groups (Hoardingonly and Control) to have a community-diagnosis of ASD, anxiety, ADHD, depression, tics/Tourette's, or any diagnosis (main effect of OC: p's all <0.01). The relationship for depression was no longer significant after Bonferroni correction. There was no significant interaction between hoarding and OC groups for any disorder. However there was a clear trend for the Hoarding+OC group to have the highest prevalence of many of the disorders, specifically ADHD and any diagnosis.
ADHD is the only disorder where the prevalence was greater in the Hoarding-only group than the OC-only group. There was no effect of hoarding or OC for allergies, asthma, concussions or seizures.
We could not run models for schizophrenia/bipolar, learning difficulties, headaches, trauma and gastrointestinal problems because of the low prevalence of each disorder (≤0.004%).
Insert 
Insert Figure 2 about here
_______________________
Discussion
This study is the first to examine the correlates of high hoarding with and without high OC symptoms in children and adolescents in the community. We demonstrated that hoarding existed in the absence of OC symptoms in 40% of youth. Approximately 10% of our participants were classified as hoarding-positive (both hoarding symptoms; a score ≥+2 on both hoarding items) and over 40% of these participants were classified as OC-negative (no OC symptoms; scores ≤ -2 on all OC-items). These results suggest that 1) hoarding should not only be studied in the context of OCD and 2) hoarding in children may be underdiagnosed. Participants with hoarding, but not OC, symptoms with concomitant impairment might have been missed by DSM-IV in which hoarding was a subtype of OCD 8 . In the entire sample, 0.8% (n=140) had a community-diagnosis of OCD, which is in the range reported by previous population-based studies that used diagnostic interviews 32, 35 . The majority of the participants in the four groups with a community-diagnosis of OCD were in the OC-only and Hoarding+OC groups but reported OCD was almost completely absent in the Control and Hoarding-only groups. Whether the lack of a community-diagnosis of OCD in the Hoarding-only group was because they were not assessed, or did not show impairment or an OCD diagnoses was just not reported by parents or participants is unclear. Regardless of the reason, our findings imply that youth with hoarding symptoms, but not OC symptoms, are unlikely to get a diagnosis of OCD in the community. show that pediatric patients with OCD and hoarding have worse outcomes such as the most severe, or the largest total number of obsessions and compulsions, or the earliest age of OCD diagnosis 12, 14, 36 . These findings are not surprising given the association between comorbidity and severity 17 and, with our data, suggest that hoarding may be a poor prognostic factor in the presence of OCD or OC symptoms as shown in previous studies [37] [38] [39] .
Hoarding and OC groups differed in terms of their demographic correlates. The proportion of females was similar in OC-positive and -negative groups; however, females were more likely than males to hoard. More hoarding in female than male participants was also reported in a community-based study of adolescents 4 and clinical studies of youth with ADHD or OCD 12, 14, 19, 36 . OCpositive groups were more likely than OC-negative groups to be older while the effect of hoarding on age depended upon respondent-type. Hoarding-positive groups (Hoarding+OC and Hoarding-only) were more likely to be younger in the parent-respondent group but only by a few months.
This finding suggests we were not just capturing developmentally appropriate hoarding typically seen in younger children 40 in our hoarding-positive groups. In two previous clinic studies, no age differences were observed between groups with and without hoarding symptoms 12,14 while age was not examined in any community pediatric samples.
Anxiety and ADHD distinguished the Hoarding-only and OC-only groups. Anxiety symptoms were more common in the OC-only compared to the Hoarding-only groups and a similar trend was observed for the community-diagnosis of anxiety. ADHD was the only community-diagnosis more prevalent in the Hoarding-only than the OC-only group. This difference was likely driven by the inattentive, not hyperactive/impulsive symptoms. Several studies 13, 19, 23, 36, 41 , but not all 4, 12, 42 , support a relationship between hoarding and ADHD. Similar to our findings, inattention was linked to hoarding in multiple studies in adults 10, 20, 23, 43 . It was difficult to determine if hoarding and ADHD existed in the absence of OCD in previous studies that used clinical samples of patients with OCD.
Our findings demonstrate that hoarding was independently associated with ADHD and specifically inattentive symptoms. The explanation for the link between inattention and hoarding is unclear.
One possibility is that inattention that presents with hoarding symptoms may just be anxiety because anxiety can present in a similar fashion to inattention 34 and anxiety is associated with hoarding symptoms 10 . In our study, the relationship between inattention and hoarding was not the result of anxiety symptoms which suggests that inattention in hoarding may not be an epiphenomenon of anxiety. One implication of the relationship between hoarding and inattention is that these traits may share cognitive 22,28 and therefore biological underpinnings.
Aside from ADHD and anxiety, hoarding and OC shared many clinical correlates. Hoardingpositive and OC-positive groups were associated with elevated rates of many of the queried psychiatric and medical community-diagnoses. Approximately 20% of the hoarding-positive groups (Hoarding+OC and Hoarding-only) had at least one community-diagnosis, which may indicate that hoarding in children and adolescents increases the risk for psychiatric or other illnesses. In contrast, previous studies of clinical and community-based samples report a general lack of psychiatric conditions in children and adolescents presenting with hoarding symptoms 4, 12, 14, 19 . One possibility for the incongruent findings is that in clinical samples the overall rate of comorbid disorders is already higher than the population prevalence 15, 44 and a ceiling effect may prevent additional hoarding symptoms from increasing the risk for comorbid disorders. A previous community-based study 4 found no increased risk of psychiatric disorders associated with hoarding, however the sample only included 15 year old twins which may not broadly represent children and adolescents.
Some limitations of our study should be considered. Our measure of hoarding was relatively simple compared to the currently-available instruments (e.g., the Children's Saving Inventory -CSI 45 that measure multiple dimensions of hoarding). We only used 'difficulty discarding' and 'excessive acquisition' as criteria for hoarding. "Clutter" is difficult to assess in children because parents can often control the degree of clutter 16 and impairment can be difficult to assess in nonclinical assessments. Our measure was based on self-or parent-report instead of clinical assessment and did not assess impairment which would have provided important information about the impact of hoarding symptoms. Our analyses also only considered the high and low scorers on hoarding and OC symptoms rather than the full distributions of these traits. Whether hoarding and OC symptoms are in fact continuous traits in the general population is an important question but was not the focus of this study. Our sample was cross-sectional (6 month window) not longitudinal which may have been a limiting factor because OC symptoms can wax and wane 46 .
Despite the limitations, our study was the first to examine the overlap of hoarding and OC symptoms in a pediatric community-sample and we were able to make important predictions about clinical correlates and our findings align with several previous studies in the field as discussed above.
In summary, hoarding symptoms existed in the absence of OC symptoms in a large proportion of youth from the community although hoarding was observed in presence of OC symptoms.
Participants with combined hoarding and OC symptoms showed the highest prevalence of many comorbid disorders (e.g., ADHD, ASD, and anxiety). Hoarding alone had unique clinical correlates, particularly more inattentive ADHD symptoms and fewer anxiety symptoms. The relationship between hoarding and ADHD suggests possible shared cognitive mechanisms and neurobiological etiologies or the relationship could be an epiphenomenon. Understanding the mechanisms underlying hoarding could improve our ability to detect and treat hoarding across the lifespan.
Importantly, hoarding existed in the absence of both OC and ADHD symptoms. The majority of hoarding participants did not have a reported diagnosis of OCD or ADHD and thus measures for these disorders would not account for all individuals that hoard. The use of specialized measures for both adults and children, such as the Savings Inventory Revised (SIR 47 ) and the CSI 45 , should be used when investigating hoarding instead of the traditional OCD measures. Using tools designed for hoarding will hopefully permit more accurate identification of these behaviors both in adults and children. Hoarding in adulthood is associated with many negative outcomes (strained family relationships, health risks, loss of home and/or life [48] [49] [50] ) and thus identifying and addressing hoarding symptoms early could help change trajectories to circumvent impairment later in life.
Clinical Guidance
• Hoarding symptoms are relatively common in children and adolescents
• Hoarding symptoms can present independently of OCD in youth
• Hoarding may be specifically related to inattentive ADHD symptoms
• Presence of hoarding symptoms may be a poor prognostic factors in your pediatric patients Results of regressions that examined the main effects of hoarding, OC and hoarding x OC interactions. H = main effect of hoarding; OC = main effect of OC; H x Resp = interaction of hoarding and respondent, H x OC = hoarding x OC interaction. Age, sex, respondent were covariates in the analysis of anxiety symptoms and OCD diagnosis. *p<0.05, **p<0.01. # = prevalence in total sample (n = 16718). CI = confidence interval, TOCS = Toronto Obsessive-Compulsive Scale; OCD = obsessive-compulsive disorder. 
SUPPLEMENTAL MATERIAL
Supplementary Table 1) Regression tables for Analyses. Age, gender and respondent were included in models for all questionnaires, psychiatric/medical outcomes (data not shown). Hoarding = main effect of hoarding, OC = main effect of obsessive-compulsive features, H X OC = hoarding x OC interaction, Hoarding x Parent-respondent = hoarding x respondent interaction. Control = Hoarding-and OC-negative; OC-only = hoarding-negative and OC-positive; H-only: hoarding-positive and OC-negative; H + OC: hoarding-and OC-positive. dx = diagnosis, OR = odds ratio, CI = confidence interval, df = degrees of freedom. **=p<0.003 (significant after Bonferroni correction), *=p<0.05 (not significant after Bonferroni correction). For age we report β for the main effects and the sub-groups to explain the significant interaction between hoarding and respondent. Parent: hoard vs. non-hoard compared the hoarding and non-hoarding groups within parent respondent only and the same for self-respondent. Figure S1 . Proportion of participants in hoarding and obsessive-compulsive (OC) groups by age and respondent. Note: If parents rather than youth themselves filled out the TOCS, the participants were more likely to be classified as hoarding-negative and OC-negative. Within parent respondent and selfrespondent groups, the proportion of participants was quite similar, except that the proportion of hoarding+OC increased with age in the self-respondent groups. The numbers in the x-axis label refer to age in years. Control = hoarding-negative and OC-negative; H-only = hoarding-positive and OC-negative; H+OC = hoarding positive and OC-positive; OC-only = hoarding-negative and OCpositive; Parent = parent-respondent; Self = self-respondent. 
